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ABSTRACT 
Neolamarckia cadamba or kelampayan is well known throughout the timber industry due to 
its fast growth rate. Kelampayan has many end uses that are not just limited to the timber 
industry. Through in vitro micropropagation, arise new ideas of producing new variation of 
white kelampayan. This study was attempted to develop new clones with improved traits of 
white kelampayan through in vitro mutagenesis using Ethyl methanesulfonate (EMS). In this 
study, calli and nodal segments were treated with three different concentrations of EMS, i. e. 
0% (control), 0.1 %, 0.3% and 0.6% (v/v). Calli were exposed to EMS for 0.5,1 and 24 hours 
while nodal segments were exposed for 3 and 6 hours. Effects of EMS toward calli and nodes 
of kelampayan were identified in this study. For the calli, as the concentration and exposure 
duration increases, the percentage of survival and proliferation trended to decrease. 
Meanwhile for nodes, similar trend was observed on the survival percentage, number of 
leaves and plant height. Potential mutant cultivars with irregular leaves, red coloured leaves 
and early branching were also observed. It is recommended to do further studies on these 
potential mutants cultivars at genetic level by using DNA marker. 
Keywords: Neolamarckia cadamba, Ethyl methanesulfonate, EMS, in vitro mutation. 
ABSTRAK 
Neolamarckia cadamba atau kelampayan dikenali ramai diseluruh industri pembalakan 
disebabkan kadar pertumbuhannya yang pantas. Kelampayan mempunyai pelbagai 
kegunaan yang tidak hanya tertumpu dalam industri pembalakan. Melalui kaedah 
mikropropagasi in vitro, idea baharu timbul untuk menghasilkan variasi baharu 
kelampayan. Kajian ini merupakan percubaan untuk menghasilkan klon baharu dengan ciri- 
ciri yang lebih balk melalui mutagenesis in vitro menggunakan Etil methanesulfonaw 
(EMS). Dalam kajian ini, kalus dan bahagian nod telah dirawat dengan EMS pada tiga 
kepekatan EMS yang berlainan iaitu, 0.0% (kawalan), 0.1 %, 0.3% dan 0.6% (v/v). Kalus 
telah dirawat pada 0. S, 1 dan 24 jam manakala segmen nod telah dirawat pada 3 dan 6 jam. 
Kesan EMS terhadap kalus dan nod kelampayan telah dikenal pasti dalam kajian ini. Untuk 
kalus, apabila kepekalan dan tempoh rawatan meningkat, peratus survival dan proliferasi 
menunjukkan trend yang menurun. Sementara bagi nod, trend yang sama diperhatikan pado 
peratusan survival, bilangan daun dan ketinggian anak pokok. Kultivar yang berpote»si 
menjadi mutan dengan bentuk daun yang tidak teratur, daun berwarna merah dan formasi 
cabang yang awal juga telah diperhati. la adalah disyorkan untuk melakukan kajian lanjut 
pada kultivar yang berpotensi menjadi mutan ini di peringkat genetik dengan menggunakuj) 
penanda DNA. 
Kata kunci: Neolamarckia cadamba, Etil methanesulfonate, EMS, mutasi in vitro 
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1.0 Introduction 
Malaysia is well known for its biological diversity as one of the tropical rain forest in the 
world with the highest number of flora and fauna species per square meter. Being renowned 
as one of the World Heritage Site in Gunung Mulu National Park in Miri, Sarawak by the 
UNESCO, the wonderful primary forest here in the heart of Borneo is priceless. 
Deforestation and forest degradation has increased rapidly especially in Sarawak due to 
human activities such as construction of dams, road and human settlements, for oil palm 
plantations and industrial logging. This is done to accommodate the increasing demands of 
the increasing populations in this country. According to Yong et al. (2014), Malaysia holds 
the world's highest rate of deforestation after recording total loss of 14.4% of forest area 
within the year 2000 to recently 2012. 
Reforestation initiatives should be taken seriously as according to Ngayop (2013), 
only 1 million hectare of the total 12.4 million hectares (million ha) land use of Sarawak are 
totally protected (Ministry Resources Planning and Environment, 2012). One of the most 
effective strategy is to develop forest plantations. The Sarawak Timber had estimated of 
producing 15 million m3 of timber annually with the development of I million hectare of 
forest plantation. By this, we are able to ensure the continuity of timber supply for export 
without affecting the primary forest. To ensure the success of this plan, ideal tree species are 
needed. There are four major species chosen for the forest plantation development by 
Sarawak Timber as in December 2012, and Neolamarckia cadamba is one of them (Refer 
Appendix I). 
Neolamarckia cadamba or locally known as Kelampayan in Malaysia is a very 
unique tree well known for being the fast growing timber species which is best suited for 
this planted forest development. Kelampayan is able to grow on many type of soils and 
condition and it can be found in lots of other countries in South Asia and South East Asia 
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According to Joker (2000), this tree is a lightweight hardwood with density within 290 to 
560 kg/m3 with 15% of humidity content, which are ideal for the production of plywood. 
Kelampayan is the best raw material for production of plywood, pulp and paper, furniture 
and even for medicinal purpose (Krisnawati et al., 2011). 
In vitro mutation is a well-known method in improving the quality of crops. 
According to Ahloowalia et al. (2004), more than 2250 mutant cultivars have been released 
globally. One of the most commonly used mutagen in plant breeding is the ethyl 
methanesulfonate (EMS). EMS act as an alkylating agent and it is well known to be able to 
effectively cause point mutation (Talebi et al., 2012). There are so far no report on the EMS 
use in callus of white kelampayan. Treating the callus of kelampayan with EMS is aimed to 
induce mutation for quality improvement such as for drought tolerance, high humidity 
tolerance, and faster growing rate. These crop improvements could lead to the possibility of 
using this species for conservation efforts, reforestation and planted forest development. 
Thus, the problem statement is whether the usage of EMS could induce mutation on callus 
of white kelampayan. 
Therefore, the main objectives of this study is to study the effect of Ethyl 
methanesulfonate (EMS) on callus and nodal segments of kelampayan. 
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2.0 Literature Review 
2.1 White Kelampayan 
Neolamarckia cadamba of family `Rubiaceae' is a huge timber species native to Southeast 
Asia countries such as Malaysia, Indonesia, Singapore, Papua New Guinea and the 
Philippines. Surprisingly, it also grows naturally in other countries such as Australia, China, 
India and Vietnam due to its ability to grow on a variety types of soils and wide ecological 
range (Krisnawati et al., 2011). 
It is also well known with other scientific names such as Anthocephalus cadainba 
Miq., and Anthocephalus chinensis (Lamk. ) A. Rich, while it is locally known as white 
kelampayan in Malaysia. 
Figure 2.1(a) Neolamarckia cadamba tree (Krisnawati el al., 2011). Figure 2.1(b) Neolamarckia 
cadamba fruits (Kupsch, 2011). 
Kelampayan has widespread umbrella-like crown and straight circular bole (Refer 
Figure 2.1(a)). The height of this tree could possibly reach 45 m and the stem diameter is 
about 100 to 160 cm, with branches that are arranged in tiers and spread horizontally 
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(Krisnawati el al., 2011). There are distinct morphological differences between the old 
kelampayan tree and the young ones. As the tree grows old, the bark grows rough and 
longitudinal fissured while young tree have bark that are grey coloured, smooth and are very 
light. The leaves which are glossy green and deciduous, range about 15 to 50 cm long and 8 
to 25 cm wide while the fruits produced are numerous. They are yellow-orange 
infructescence, fleshy capsules and closely packed together, forming approximately 8000 
seeds (Krisnawati el al., 2011) (Refer Figure 2.1(b)). 
According to Krisnawati et al. (2011), kelampayan tree grow best usually in 
secondary forests along riverbanks which are alluvial sites, and are deep and humid. It also 
sometimes can be found in primary forests, at large frequency. Although it is well known 
for its ability to grow on many type of soils, leached and poorly aerated soils do not 
encourage this tree to grow healthily (Soerianegara & Lemmens, 1993). Kelampayan tree 
needs light for its growth. It can live in altitude of 300 to 800 m above the sea level with 
maximum temperature within the range of 32 to 42°C and minimum temperature within 3 to 
15.5° C. However, it can be seen to grow from just above sea level up to 1000 m in equator 
area (Martawijaya et al., 1989). 
2.1.1 Uses of White Kelampayan 
Kelampayan is a very useful timber as it is widely used for light constructions, components 
of furniture and plywood production due to its lightweight, hardwood characteristic. It is 
also suitable to be used for flooring, boxes and craters, and for medium quality paper due to 
its ling-fibred pulp material (Krisnawati et al., 2011). 
Kelampayan tree is also well known for its medicinal value. Parts of the plant which 
consist of the leaves, bark, fruits and roots are individually used to treat various diseases 
such as fever, inflammation, ulcers, diarrhoea, dyspepsia, gastric disorder and hemoptysis 
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(Bhutya, 2011; Jadhav, 2008). According to Sanjay et al. (2007), this tree has been used for 
ages as folk medicine in India to treat diseases such as anaemia, blood disease, skin disease, 
dysentery, leprosy, fever, uterine complaints and even to improve the quality of semen. 
2.2 Ethyl Methanesulfonate (EMS) 
The influence of the chemical mutagenic treatment on the ability of plant to regenerate in 
vitro is not new to the scientific world. According to Greer and Rinehart (2009), EMS are 
used as alkylating agent for more than four decades with various objectives focusing on 
producing breeding lines and increasing variation of allele in plants. Unlike transgenic 
organisms, the variations produced by chemicals in in vitro mutagenesis are exempt from 
requirements of regulatory approval (Greer & Rinehart, 2009). 
In vitro mutagenesis is a powerful approach for determining biological functions of 
genes in plants which have improved phenotypes and physiological reactions (Kim et al., 
2006). Ethyl methanesulfonate (EMS) is very well known in crop breeding. According to 
Jong and Traore (2011), EMS is very effective among all other chemical mutagens and it 
can be proven in cereal crops enhancement such as in barley (Nicoloff, 2003), rice (Bhan & 
Kaul, 2003) and in wheat (Bozzini & Mugnozza, 2003). 
EMS is also the most commonly used chemical mutagen in plant in vitro mutagenesis 
study due to its potency and ease in usage (Jain et al., 2010). Despite being cheap compared 
to the physical mutagen such as irradiation and insertion methods, it is also proven that 
chemical such as EMS can be used to study the role of specific amino acid residues in protein 
function (Kim et al., 2005). According to Kim et al. (2005), both forward and reverse genetic 
studies could be done by using EMS mutagenesis due to the advancement of new techniques 
such as targeting induced local lesions in the genoffnes (TILLING). 
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There is a concern regarding the ability of EMS to induce mutation on plant species 
with huge genome size. However, it is reported by Talebi et al. (2012) that based on studies 
between maize which has 20-fold larger genome size compared to Arabidopsis, the density 
estimates of per gene mutation between the two species are similar by using EMS 
mutagenesis treatment (Goll & Bestor, 2002). 
2.2.1 Mode of actions 
EMS is an example of alkylating agent that are widely used as chemical mutagen in crop 
improvement studies. EMS usually causes point mutations, but loss of a chromosome 
segment or deletion can also occur (Okazaki et al., 1991). According to Alonso and Ecker 
(2006), some of the effects of point mutation in plants are known as neomorphic (formation 
of new or novel function of gene), hypermorphic (increase function of gene) and 
hypomorphic effects (decrease function of gene). 
EMS chemically alters DNA through random reaction and modification in phosphate 
groups of DNA and oxygen available in nucleotide bases such as 06 in guanine and 04 in 
thymine (Greer & Rinehart, 2009). The usage of EMS leads to changes in bases and 
mismatched base pairing of the nucleotides such as the pairing of 06-ethylguanine with 
thymine (T) instead of cytosine (C) (Kim et al., 2005; Greene et al., 2003). Supposedly, 06- 
ethylguanine pairs with C as it is formed from guanine (G) residues. 
Various studies claimed that the usage of EMS leads to the substitution of C/G to 
Adenine (A)/T pairing as EMS induces changes of pairing between G-C into G-T and due 
to the following occurrences of DNA repairs which is a natural process (Greene et al., 2003, 
Krieg, 1963; Kovalchuk et al., 2000). In the study of effect of EMS on pollen as reported by 
McManus ei al. (2007), mutations occurs after EMS treatment on pollen as EMS alkylates 
the guanine residues of DNA in pollen nuclei (Okazaki et al., 1991; Comai & Henikoff, 
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2006). The usage of EMS as alkylating agent should give immediate effect causing 
mispairing of 0-alkyl-guanine with uracil during synthesis of RNA before subsequent 
mispairing with thymine during synthesis of DNA (McManus et al., 2007). 
2.2.2 Disposal of EMS 
EMS is chemical mutagen that is harmful and a potentially carcinogen to human. Post- 
treatment EMS waste should be detoxified accordingly to deactivate the active compounds 
in the chemical. According to Davey and Anthony (2010), both unused and waste of EMS 
solution can be detoxified through the addition of 10% sodium thiosulfate (Na2S203.5H20) 
(w/v) or 4% sodium hydroxide (NaOH) (w/v) in a 3: 1 ratio by volume and should be left to 
stand for more than 5 half-lives. The half-life of EMS varies depending on chemicals used 
for detoxification. The half-life of EMS in 10% Na2S2O3.5H20 is 1.4 hour at 20°C and 1 
hour at 25°C while in 4% of NaOH, the half-life of EMS is 6 hours at 20°C and 3 hours at 
25°C respectively. 
2.3 Factors affecting the mutagenesis using chemical mutagens 
2.3.1 Concentration of mutagens 
In in vitro mutagenesis, one of the most important factor affecting the outcome of the study 
is the concentration of mutagens. The increase in concentrations of EMS will lead to more 
event of mutation and also increase in lethality to the explant treated with EMS due to cell 
and tissue injury (Davey & Anthony, 2010; McManus et al., 2007; Aslam et al., 2013). 
Effect of EMS toxicity differs subject to diverse species used as explant (Henikoff & Comai, 
2003) 
There are various examples on the concentrations which are optimal for different 
species. In a study carried on Eucalyptus species, the number of potential mutants and seeds 
after pollination of treated pollen are reduced after treated with higher doses of EMS and for 
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the pollen mutagenesis of this species, a concentration of 600 ppm is suggested (McManus 
et al., 2007). While different optimal EMS concentrations are reported on other plant species 
such as 1.7% EMS with duration of 12 hours for seeds of tarary buckwheat Jinqiaomai No. 4 
(Fagopyrum tataricum (L. ) Gaertn) (Wen et al., 2015), 0.3% EMS for 2 hours in anther- 
derived embryos of loquat (Eriobotrya japonica Lindl. ) (Qin et al., 2011) and 0.4% EMS 
for leaves of African Violet houseplant (Saintpaulia) (Jong & Traore, 2011). 
2.3.2 Treatment volume 
The second factor is the volume of chemical mutagen used for the treatment. According to 
Davey and Anthony (2010), the explants used in the study have to be completely immersed 
in the solution containing dilution of chemical mutagen. To ensure that the explants are 
exposed to the same amount of mutagen, the formation of concentration gradients should be 
prevented during the treatment. 
2.3.3 Treatment duration 
Another important factor is the duration of exposure to chemical mutagen. According to 
Davey and Anthony (2010), exposure time should be adequate to allow infusion and 
hydration of chemical mutagen into the tissue of explant used. For example, the effectiveness 
of mutagenic treatment duration in seeds could be affected by permeability of seed coat and 
size of seeds. The type of explants used such as stem, root or seed also affects the mutagenic 
outcome and duration needed (Svetleva & Crino, 2005; Jain & Agrawal, 1994). The duration 
of chemical mutagen exposure can be adjusted for different species (Jain et al., 2010). 
Based on study done on regeneration ability of common bean (Phaseolus vulgaris 
L. ), the recommended optimum duration is 60 minutes (Svetleva & Crinö, 2005). While 
according to various plant studies, different optimum duration of exposure are reported such 
as 8 hours at 0.4% EMS for seeds of Arabidopsis thaliana (Kim et al., 2015), 12 hours at 
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0.5% EMS for seeds of Solanum lycopersicum cv. Micro-Tom (Watanabe et al., 2007), 60 
minutes at 1.5% of EMS for cell suspension of sweet orange (Citrus sinensis (L. ) Osbeck) 
(Ge et al., 2015) and 3 hours at 0.1% of EMS for seeds of ornamental peppers (Capsicum 
annuum L. ) which caused major variants (Nascimento et al., 2015) while currently there are 
no published protocol on duration for EMS-mutagenesis treatment for internode and root of 
explants. 
2.4 Callus induction 
Callus is a term originated from the Latin word "callum" which means hard and it is 
undifferentiated cell masses developed by plants due to changes in various biotic and abiotic 
stimuli (Ikeuchi et al., 2013). In the early days of plant studies, callus referred to the huge 
growth of cells which is associated with wounding. Most callus are totipotent and are 
produced from a single differentiated cell (Steward et al., 1958; Nagata & Takebe, 1971). 
There are differences in the formation of callus which occur naturally in nature and through 
in vitro. 
An important factor that affects the in vitro callus initiation and plant regeneration is 
the hormonal balance in the media composition (Jiang et al., 1998). Genotype and source of 
the explants also lead to the differences in the production of callus and regenerated plantlet 
(Ganeshan et al., 2003). According to Skoog and Miller (1957), the intermediate ratio of 
both growth hormones auxin and cytokinin will lead to callus induction. The combination of 
auxin and cytokinin, or auxin alone, 2,4-dichlorophenoxy acetic acid (2,4-D) alone is 
widely used for callus induction and maintenance (Castillo et al., 1998). 
There are many types of media for tissue culture and Gamborg's B5 was made 
especially for callus and suspension cultures as nutrient provider (Gamborg et al., 1968). BS 
media is also proven to be suitable for the many woody plant species. According to the Cold 
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Spring Harbor Protocols, the Callus-inducing medium (CIM) consist of Ix Gamborg's B5 
salts constituent, 20 g of glucose, 0.5 g 2-[N-morpholino] ethanesulfonic acid (MES), IN of 
KOH, 7.5 g of agar, 500 pl 2 , 4-D 
(2000x) and 500 µl kinetin (2000x). For the preparation 
of 1000 ml of CIM, all the constituents are added. Desired pH of 5.7 will be achieved by 
adjusting it using KOH. Agar will be added next and proceeds with autoclaving. 2,4-D and 
kinetin will be added last. 
Other than the plant growth regulator (PGR), studies on the effect of organic 
compounds on the induction of callus are also very widely done on lots of crops species. 
Example of organic compound is the usage of coconut water (CW) as supplement for callus 
induction. Only water extract from young coconut, Cocos nucifera L. will be used. It is a 
clear and nearly transparent liquid that have to be filtered prior to usage. According to Prades 
et al. (2012), the varieties of coconut, conditions of cultivation and maturity stages affect the 
constituents of CW. According to Michael (2011), at coconut water level of 75 mg L'' or 
higher, more than 85 of the induced callus were capable of producing shoots in Murashige 
and Skoog (MS) medium with 3 mg L'' of 2,4-D and 0.5 mg L'' of BAP. While poor shoot 
proliferation was observed in medium with lower level of coconut water. 
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3.0 Materials and Methods 
3.1 Plants materials 
Plant materials used for this in vitro EMS-induced mutation study consisted of callus and 
nodal segments of Neolamarckia cadamba obtained from the Forest Genomics and 
Informatics Laboratory (/GiL), Universiti Malaysia Sarawak. 
3.2 Stock solution preparation 
In this study, Gamborg's B5 medium (Gamborg et al., 1968) was used. To prepare this 
media, stock solutions which comprised of microelements (100X), macroelements (10x) and 
vitamins (100x) were prepared (Refer to Appendix II). Scott bottle with maximum volume 
of 1L were used and were filled with 100 ml or partially filled with distilled water each. The 
three major compositions of B5 media were measured by using sophisticated electronic 
balance to ensure accuracy of the basal media. After the additions of the element 
constituents, the remaining volume of the three Scott bottles were filled with distilled water. 
To make sure that the constituents were well dissolved, magnetic stirrer was used. Chelating 
agents were added into the microelements stock solution and therefore, to minimize the 
exposure to light, aluminium foil was used to cover the bottle. These stock solutions were 
kept inside the refrigerator at 4°C directly after preparation. 
3.3 Media preparation 
The culture medium used in this study were for callus induction, somatic embryogenesis and 
for plant regeneration (Refer Appendix III). For the purpose of callus induction, Gamborg's 
B5 media with addition of plant growth regulator, 1 mg L-1 dichlorophenoxy acetic acid (2, 
4-D) was used. For somatic embryogenesis, B5 media was supplemented with I mg L'' 2, 
4-D and 10% coconut water. 
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The media was prepared by following the right composition of 100 ml [10% [v/v]) 
of CW, 50 ml [0.05% (v/v)] of macroelements, 10 ml [0.01% (v/v)] of both microelements 
and vitamins stock solution into 1L Scott bottle. Then, the bottle was filled with 
approximately 800m1 of distilled water. 20 g L'' [2.0% (w/v)] of sucrose and 9g L'1 [0.9% 
(w/v)] of Phyto agar were introduced slowly and stirred thoroughly using Cimarec magnetic 
stirrer. Distilled water was added into the bottle to fill up the remaining volume. 
Desired pH of 5.5 ± 0.2 was achieved by checking the pH using a pH meter. When 
the desired pH was obtained, the media solution was sterilised using Hirayama autoclave 
machine at 121 °C and 15 psi for 20 minutes. The media solution was allowed to cool down 
and was later dispensed into pre-sterilized petri dishes under aseptic condition of Laminar 
flow hood after autoclaving process was done. The petri dishes were sealed using parafilm 
and labelled accordingly, once the agar solidified. 
3.4 Culture condition 
Cultures were kept inside the Forest Genomics and Informatics Laboratory (IGiL) under 
sterile condition. The temperature of the laboratory was maintained to be about 25 f 2°C and 
the cultures were grown under 16 hours of light and 8 hours of dark photoperiod. 
3.5. Callus induction 
For callus induction, nodes of young Neolamarckia cadamba were cut into 5 mm length. 
These nodes were cultured into the Gamborg's B5 +1 mg L-1 of 2,4-D media (Refer 
Appendix III). Each petri dish contained 9 nodes and there were 20 equal petri dishes that 
provided a mass number of callus. The petri dishes containing all these nodes were sealed 
using parafilm and labelled. Subculture was done once a month and when needed. All these 
processes were done in the Laminar flow hood. 
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3.6 The mutagenic treatments 
For mutagenic treatment in this study, Sigma-Aldrich ethyl methanesulfonate (EMS) and a 
complete randomized experimental design were used. For in vitro mutation using callus all 
the replicates consisted of three treatments and control with total of 36 callus per replicate. 
The treatment parameters were three concentrations of EMS, i. e. 0% (control), 0.1 %, 0.3% 
and 0.6% (v/v), and three durations of exposure, i. e. 0.5,1 and 24h for callus. Callus 
harvested were soaked according to the exposure time inside 4 falcon tubes containing 20 
ml solution with different concentration of EMS respectively. After the mutagenic treatment, 
the EMS solutions were decanted into waste bottle and the callus were rinsed in 50 ml 
ultrapure water for 5 minutes. This step was repeated three times to remove all traces of 
EMS. Callus were bloated on sterile filter paper and left to be air dried in the Laminar flow 
hood. 
For nodal segments, the replicates consisted of four treatments and total of 24 nodal 
segments per replicate. The treatment parameters were three concentrations of EMS, i. e. 0% 
(control), 0.1%, 0.3% and 0.6% (v/v) and two durations of exposure, i. e. 3 and 6 hours. 
Nodal segments harvested were soaked according to the exposure time inside 4 falcon tubes 
containing 20 ml solution with different concentration of EMS respectively. After the 
mutagenic treatment, the EMS solutions were decanted into waste bottle and the nodes were 
rinsed in 50 ml ultrapure water for 5 minutes. This step was repeated five times to remove 
all traces of EMS. Nodes were bloated on sterile filter paper and left to be air dried in the 
Laminar flow hood. 
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3.7 Observation and data collection 
Once dried, callus were then cut into 1 mm2 scale using sterile forceps and inoculated into 
sterile petri dishes containing Gamborg's B5 media with I mg L'1 2,4-D and 10% coconut 
water as supplements for observation in duration of 40 days (Refer Appendix III). The 
parameters collected were the survival percentage of treated callus, and diameter of callus 
(proliferation). 
For nodal segments, nodes were directly introduced into sterile petri dishes 
containing Gamborg's B5 media supplemented with 1 mg L' BAP for the purpose of plant 
regeneration and shoot formation. The parameters collected were survival percentage of 
treated nodal segments and once the plant regenerate, the number of leaves and plant height 
were observed. Any significant morphological variations were observed and recorded. 
Statistical analysis was done by using one way Analysis of Variance (ANOVA) and 
the 22nd version of SPSS software. Then for the post hoc test, Fisher's Least Significant 




4.1 Effect of Ethyl Methanesulfonate (EMS) on Survival and Proliferation of 
Compact Kelampayan Callus. 
In this study, three replicates of kelampayan callus cultures which consisted of 9 callus (--2 
mm') per replicate were subjected to three different concentrations of EMS i. e. 0% (control), 
0.1%, 0.3% and 0.6% (v/v) for three different durations of exposure i. e. 0.5,1 and 24 hours. 
The response of callus cultures to EMS treatment can be observed within 10 days after 
culture (DAC). Proliferation of individual callus indicated the survival of callus while callus 
that showed no sign of proliferation were considered as dead (lethal). 
In term of survival percentage, for the 30 minutes EMS treatment, the callus treated 
with 0.1 % EMS showed highest percentage of survival within 10 DAC with 77.78% of callus 
proliferating followed by 0.3% EMS (37.04%) and 0.6% (33.33%). Observations at 30 DAC 
showed increasing percentage of callus cultures survival with highest percentage at 0.1 % 
EMS (85.20%) followed by 0.3% (48.15%) and 0.6% (44.44%). Both percentage of survival 
at 0.3% and 0.6% of EMS concentration were significantly different compared to control 
samples at the p<0.05 level according to LSDo. os (Refer Table 4.1). The survival of callus 
cultures in the control samples was 100% as in 30 DAC. The increase in percentages did not 
change the indication that the survival percentages of EMS-treated samples were lower 
compared to control samples. 
For the survival percentage of callus cultures in 1 hour EMS treatment, the survival 
percentages at 30 DAC was 51.85% in 0.1 % EMS followed by 0.00% (100.00% lethality) 
for both 0.3% and 0.6% EMS. Similar lethality percentage (100.00%) of callus was recorded 
in 24 hour EMS treatment for each concentrations of EMS treatment. All survival 
percentages of callus cultures in 1 hour EMS treatment were lower and significantly different 
compared to control samples at the p<0.05 level. According to both percentage of survival 
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